A cute eosinophilic pneumonia (AEP) is a recently defined clinical entity showing an acute febrile illness that can result in life-threatening respiratory failure. [1] [2] [3] Intervention with corticosteroids results in the rapid reversal of respiratory failure and complete recovery without relapse. 3 The widespread use of BAL as a diagnostic tool has resulted in the recognition of new forms of eosinophilic lung syndromes that lack prominent blood eosinophilia. Several etiologic agents associated with AEP have been described, including drugs, smoking, fungal and parasitic infections, and systemic vasculitis. [3] [4] [5] [6] [7] [8] [9] In most cases, the cause remains unknown, and idiopathic AEP is diagnosed. 3 (133)-␤-D-glucan is one of the major components of the cell wall of most fungi. The Fungitec G test (Seikagaku Kogyo Co; Tokyo, Japan), which measures the concentration of (133)-␤-D-glucan, is a diagnostic method for deep mycosis. 10 -12 We measured the concentration of (133)-␤-D-glucan in BAL fluid (BALF) from patients with AEP, those with chronic eosinophilic pneumonia (CEP) and healthy subjects (control group). The levels of (133)-␤-D-glucan in BALF also were compared with the levels of other components in BALF and with plasma (133)-␤-Dglucan levels. . Five patients were current-smokers who had just started smoking cigarettes, and one patient was a nonsmoker. None had been receiving corticosteroids and antifungal agents before undergoing their first fiberoptic bronchoscopy. A diagnosis of AEP was established on the basis of criteria that have been previously described by Allen and Davis. 2 In short, the entry criteria were as follows: (1) acute onset; (2) febrile illness; (3) bilateral infiltrates seen on a chest radiograph; (4) dyspnea or hypoxemic respiratory failure; (5) eosinophilia of Ͼ 25% in BALF or the predominance of eosinophils in open-lung biopsy; (6) no history of hypersensitivity to drugs and no evidence of infection; and (7) a prompt and complete response to corticosteroids and no relapse after the discontinuation of therapy with corticosteroids.
Materials and Methods

Subjects
The Pao 2 in arterial blood gas ranged from 37.0 to 82.7 mm Hg (mean, 63.4 Ϯ 15.8 mm Hg), when breathing room air. There were no pathogenic microorganisms detected either in the sputum or on a pharyngeal swab. The interval between the onset of illness and BAL ranged from 3 to 43 days (mean, 12.6 Ϯ 15.1 days). All patients were regarded as having idiopathic AEP of unknown cause.
Patients With CEP: Five active, untreated, and newly diagnosed patients with CEP (two men and three women; mean age, 71.6 Ϯ 9.6 years) were evaluated. All patients had the clinical characteristics of CEP described by Carrington et al, 13 including histologic findings on transbronchial lung biopsy. No patients had evidence of bacterial, mycobacterial, fungal, or parasitic infections. Three patients had a history of bronchial asthma but had never received therapy with corticosteroids orally or by inhalation before undergoing their first fiberoptic bronchoscopy. One patient had a history of diabetes mellitus for 2 years. Four patients were smokers, and one patient was a nonsmoker. Two patients had peripheral blood eosinophilia exceeding 500 cells/L.
Healthy Subjects (Control Group): The control group consisted of nine healthy subjects (six men and three women; mean age, 62.3 Ϯ 11.0 years) with no evidence of diffuse respiratory disease. They underwent bronchoscopy as a diagnostic procedure to evaluate a history of minor hemosputum, a solitary peripheral lung nodule (Ͻ 2 cm in size), or other minimal radiologic findings found on their chest roentgenogram. None of the patients had received corticosteroids, antibiotics or antifungal agents in the previous month. Four subjects were smokers, and five subjects were nonsmokers.
Informed consent was obtained from each volunteer in the study according to institutional guidelines.
BAL
Fiberoptic bronchoscopy was performed as previously described. 14, 15 The patients gargled with a mouthwash with 1 to 3% povidone-iodine (Meiji Co; Tokyo, Japan) just before the examination. The bronchoscope was inserted through the mouth in patients who were not intubated. In all patients with AEP and in healthy subjects, the tip of the bronchoscope was wedged into a distal portion of a bronchus in the right middle lobe, and BAL was performed by instilling three 50-mL aliquots of a sterile saline solution through the bronchoscope. To obtain BALF from patients with CEP, the tip of the bronchoscope was wedged into the bronchus showing pulmonary infiltrates on a chest CT scan. Samples of BALF were taken for fungal, mycobacterial, viral, Legionella, and other bacterial cultures. Some of the fluids underwent cytocentrifugation, and the pellets were examined for cellular differentials with the use of May-Giemsa stain, and for microorganisms using Gram stain, acid-fast bacilli, and Groccot stain. At follow-up, after the conditions of four of six patients with AEP had improved, BAL was performed for the second time.
Detection of (133)-␤-D-Glucan in BALF and Plasma
The concentrations of (133)-␤-D-glucan were measured by the Fungitec G test, as reported previously. 12 In brief, 2.0 mL BALF and blood were drawn into pyrogen-free disposable syringes, underwent anticoagulation with 5.0 U/mL heparin, underwent centrifugation immediately at 1,000g for 10 min, and was stored at Ϫ80°C. A 5.0-mL sample of BALF and plasma was pretreated with 20 mL test solution containing 0.15 mol/L KOH, 0.3 mol/L KCl, and 0.1% polybrene, and the mixture was incubated at 37°C for 10 min. The pretreated sample was added to 100 mL factor G dissolved in HCO(3-)-free N-2-hydroxyethylpiperazine-NЈ-2ethanesulfonic acid buffer (0.1 mol/L; pH 7.6), and then was incubated at 37°C for 30 min. The optical density of 405 nm was measured using the kinetic mode of a computerized well-reader (model SK601; Seikagaku Kogyo Co). The concentration of (133)-␤-D-glucan below the detection limit of the test was 1.0 pg/mL.
Serologic Tests for Fungi
Serum specimens were obtained from the patients with AEP on hospital admission. The serum Candida antigen was determined by a commercial test (Cand-Tec test; Ramco Laboratories, Inc; Houston, TX). 16 The serum galactomannan antigen for Aspergillus spp was detected by a latex agglutination test (Mitubishi Kagaku Bio-Clinical Labs, Inc.; Tokyo, Japan). 17 The serum Cryptococcus antigen was detected by a commercial test (SERODIRECT "EIKEN" Cryptococcus; Eiken Chemical; Tokyo, Japan). 18 To test for the precipitating antibodies of Trichosporon spp, these sera were sent to the First Department of Internal Medicine, Kumamoto University School of Medicine. 19, 20 Detection of Pneumocystis carinii DNA Fragments in BALF by Capillary Polymerase Chain Reaction BALF samples were obtained from patients with AEP to detect the specific DNA fragments of P carinii by polymerase chain reaction (PCR), as previously described. 21 All BALF samples were pelleted by centrifugation at 1,600g for 10 min, after which the supernatant was removed. The pellets were resuspended in TE buffer containing 10 mmol/L Tris-HCl (pH 8.0), 100 mmol/L KCL, 2.5 mmol/L MgCl2, 1% Tween 20, 1% NP 40, and 80 g protein kinase K per milliliter for 60 min at 56°C and then were incubated for 10 min at 100°C. One microliter of this sample was used as a DNA sample for PCR.
The two oligonucleotide primers PAZ102-E (5Ј-GATGGCT-GTTTCCAAGCCCA-3Ј) and PAZ102-H (5Ј-GTGTACGTTG-CAAAGTACTC-3Ј) were synthesized with a DNA synthesizer (MilliGen/Biosearch; Burlington, MA). The amplification product consisted of a 346-base pair DNA fragment.
DNA amplification for capillary PCR was performed in 50 mmol/L Tris (pH 8. The amplifications were subjected to electrophoresis in agarose gels, which were tested for the presence of bands by visualization with ultraviolet light after ethidium bromide staining.
Statistical Analysis
The data were expressed as mean Ϯ SD. Differences in the concentration of (133)-␤-D-glucan in BALF and plasma, and total and differential cell counts in BALF were tested by the unpaired Wilcoxon test. Significance was accepted when p Ͻ 0.05. Table 1 Precipitating Antibody, No.
Results
Clinical and BALF Characteristics of the Patients With AEP
DNA Fragments of P carinii Candida Aspergillus Cryptococcus
Trichosporon mucoides
Trichosporon ashii
*ND ϭ not detected. See Table 1 for abbreviations not used in the text. 
Analysis of Cells in BALF
The median number of cells in BALF in AEP patients was significantly elevated, with a high percentage of eosinophils and low percentage of alveolar macrophages compared to CEP patients and control subjects (Table 2) .
(133)-␤-D-Glucan Levels in BALF
The (133)-␤-D-glucan levels in BALF are shown in Figure 1 . The levels in all samples obtained from patients with AEP were Ͼ 100 pg/mL. In contrast, the levels in four of five patients with CEP and in all healthy subjects were Ͻ 20 pg/mL as a cutoff value. The median concentration of (133)-␤-D-glucan in the BALF of AEP patients was significantly higher (851.7 Ϯ 866.0 pg/mL; range, 216 to 2,571 pg/mL) than that of CEP patients (18.2 Ϯ 31.1 pg/mL) and healthy subjects (2.5 Ϯ 1.4 pg/mL; p Ͻ 0.01). The median concentration of (133)-␤-D-glucan in BALF was significantly higher than that in blood (p Ͻ 0.01) in AEP patients.
In four of the six patients with AEP who underwent follow-up BAL, changes in (133)-␤-D-glucan levels in BALF were examined, and the findings before treatment (mean, 1,020.5 Ϯ 1,057.9 pg/mL; range, 216 to 2,571 pg/mL) and after treatment (mean, 4.6 Ϯ 5.6 pg/mL; range, 1.0 to 13 pg/mL) with corticosteroids were compared. The (133)-␤-D-glucan levels in BALF from the second examination were significantly reduced (p Ͻ 0.01), as the patient's symptoms improved (Fig 2) .
Analysis of Microorganisms
In patients with AEP, there were no infectious organisms identified by routine stains of cultures. In serologic studies, all patients had negative results (Table 3) .
There were no samples that demonstrated the presence of P carinii DNA in BALF samples by capillary PCR, and there were no findings of P carinii infections in the lung tissue obtained by transbronchial lung biopsy.
Discussion
This is the first report to demonstrate an increase in (133)-␤-D-glucan concentrations in BALF from untreated patients with AEP. In contrast, the concentrations of (133)-␤-D-glucan were lower in the BALF from CEP patients and healthy subjects. The elevation of (133)-␤-D-glucan levels in BALF decreased with clinical improvement in AEP patients. These findings strongly suggest the important contribution of (133)-␤-D-glucan to the pathogenesis of AEP. The concentrations of (133)-␤-D-glucan in BALF were significantly higher than those in plasma, suggesting the role of inhaled agents.
These findings suggest differences in the pathogenesis of eosinophilic inflammation between AEP and CEP patients. We focused on (133)-␤-D-glucan because it is one of the ingredients in cigarettes and has been described as being related to the possible role of cigarette smoking in the pathogenesis of AEP. 9 It is known that (133)-␤-D-glucan composes a portion of the cell wall of most fungi. The detection of (133)-␤-D-glucan in sera was used as a serologic marker for the diagnosis of deep mycosis. 10 -12 In Japan, several cases have been reported 7, 8 in which fungus was a possible cause of AEP, resembling a summer-type hypersensitivity pneumonitis. In the present patients, we could not detect fungi by the conventional technique. P carinii has been placed in a fungus family. 22, 23 We tried to detect the specific DNA fragments of P carinii in the BALF obtained from the patients with AEP, but none were detected. P carinii DNA and the findings of P carinii infections in lung tissue were not obtained by transbronchial lung biopsy.
It is also known that (133)-␤-D-glucan is a biological response modifier functioning as an immunomodulating and antitumor factor. When injected intraperitoneally in vivo, (133)-␤-D-glucan induces some inflammatory-like responses. In contrast, when guinea pigs undergo longterm exposure to (133)-␤-D-glucan in vivo, it causes an increase in the number of eosinophils in the airway. 24 -26 In humans, Rylander and Lin 27 have reported that the inhaled environment of (133)-␤-D-glucan worsens in patients with bronchial asthma due to allergic mechanisms. Taken together, it is highly possible that (133)-␤-Dglucan causes inflammatory responses that are characteristic of AEP. The origins of (133)-␤-D-glucan and the exact mechanisms for the development of AEP were not demonstrated in this study.
In summary, based on the findings that (133)-␤-Dglucan was increased in the BALF from AEP patients then decreased with clinical improvement, we conclude that the inhaled environment of (133)-␤-D-glucan may be involved in the development of AEP. Further studies are needed to disclose the exact role of (133)-␤-D-glucan in AEP, and that information will be of great importance in treating patients with AEP.
